Objective The aim of the present study was to assess the employment rate among kidney and liver transplant recipients in Poland and identify the predictors of employment. settings The study was based on a self-prepared questionnaire containing five parts: demographic data and professional, medical, physical and psychological factors. This is a multicentre study involving four hospitals in Poland. Participants The investigated group consisted of 285 individuals (92 women and 185 men; 8 no sex given) aged between 18 and 45 years who underwent kidney or liver transplantation 1-5 years prior. Because of missing data, 279 questionnaires were considered regarding employment status after transplantation and 277 when sex differences were considered. results A total of 120 patients (43%) worked full-time, 42 (15%) part-time and 117 (42%) remained unemployed, with a higher employment rate post-transplantation among men than women (60% vs 55%, p=0.04). More women performed white collar work (74% vs 41%, p=0.0003) and had to modify their working position than men (22% vs 7%, p=0.0118). Factors determining employment after transplantation included higher level of education (OR=27.08; p=0.0096), employment 1 year prior to transplantation (OR=11.05; p<0.001) and good psychological adaptation (OR=4.23; p<0.001). Men working the year before transplantation had higher education (OR=9.66; p=0.0356). Among men, more kidney recipients worked compared with liver recipients (OR=3.567; p=0.0417). Among women, age determined employment status (OR=0.89; p=0.0234). Conclusion Higher education is the most important predictor of employment after transplantation. Therefore, rehabilitation programmes including vocational activity should be directed to increase the level of education, both pretransplantation and post-transplantation if possible.
IntrOduCtIOn
Developments in medical and surgical therapies, including solid organ transplantation, have resulted in increased survival of transplant organ recipients. In addition, the number of transplantations performed every year has increased, with the number of recipients increasing worldwide. The short-term survival rate in liver transplant recipients is currently ~90%, and long-term life expectancy in these patients could exceed 20 years. 1 The 10-year survival rate of kidney transplant recipients varies between countries, from 43% to 59%. 2 In Poland, the 10-year survival rates for kidney and liver transplant recipients are 74% and 65%, respectively. 3 4 In Poland, the social security system covers the cost of specialist medical care and immunosuppressant drugs for life. Thus, the goal of current holistic care for transplant organ recipients is survival and prolonging life, and complete rehabilitation, including full re-integration, strengths and limitations of this study ► This study is a multicentre study involving four hospitals in Poland receiving patients from whole country. ► The cohort is representative of the first-time (from 1 to 5 years) kidney or liver transplantation, taking into account the fact that only patients of working age were included in the study. ► This is a first study adopting a biopsychosocial model, linking a psychosocial questionnaire with medical and physical data in Poland, which allowed us to analyse predictive factors of the employment status after transplantation. ► Disproportion between number of patients after kidney and liver transplantation can be considered as a limitation; nevertheless, the both study groups were large enough to perform statistical analysis. ► The age of the respondents may be perceived as a limitation of this study; however, according to the research team, this is an advantage because age range was chosen deliberately to enable the respondents to take action if the factors determining employment turned out to be modifiable.
Open access good quality of life and return to social and vocational life. Previous studies indicate that many patients remain unemployed after kidney or liver transplantation. The rate of employment among these patients is lower than in the general population and varies between countries, from 18% to 82% after kidney transplantation and between 22% and 55% after liver transplantation. 1 5 These discrepancies may be due to the definition of work lacking standardisation; the investigated groups varying in terms of age, education and previous vocational experience; the different social security programmes in particular countries, which deeply influence the rate of unemployment; the year of investigation, as the surgical techniques and pharmaceuticals have changed over the years and local sociocultural conditions.
The advantages of being employed depend on the perspective. 1 From the patients' point of view, employment is the source of income associated with self-fulfilment, satisfaction and better psychological adaptation. Having an income increases independence and, in many cases, the position in the family and neighbourhood. It has also been shown that vocational activity positively influences the condition of the graft in the case of kidney transplantation and heart transplantation. 6 7 From doctors' perspective, the employment status of the patient could serve as a surrogate indicator of therapy outcome. From the third perspective, that of the country's healthcare system and economy, transplantation procedures and subsequent unemployment are associated with direct and indirect costs, with the latest resulting from the loss of productivity, especially as most transplant recipients are working age at the time of transplantation.
Kidney or liver transplantation does not imply complete health normalisation, and patients have many work limitations after receiving a transplant. Therefore, complex rehabilitation should be implemented in every case, including vocational rehabilitation, but the current local situation and conditions should be evaluated before any vocational rehabilitation programmes, which should be based on the results.
The purpose of this study was to assess the employment rate among kidney and liver transplant recipients in Poland and to identify predictors of employment.
MethOds

Patients
The investigated group consisted of 285 kidney or liver transplant recipients (92 women and 185 men) aged between 18 and 45 (mean 35.7±7.43) years (8 respondents did not indicate their sex). All of the patients underwent transplantation 1-5 years prior. The age range of the participants was established to select those of working age. The investigated group comprised 214 kidney transplant patients and 69 liver transplant patients; for two cases no such data were available. Because of missing data, 279 questionnaires were considered regarding employment status after transplantation and 277 when sex differences were considered.
Patient and public involvement
As part of the study, a group of patients after liver or kidney transplantation were consulted in correctness and understanding of the research tool (questionnaire). The patients were neither directly involved in the design of the study nor in the recruitment and carrying out of the study. The authors intend to disseminate results to study participants through written summaries transmitted to them by the State Fund for Rehabilitation of Disabled People in Poland.
Measures
This study used a cross-sectional survey design in which participants completed the questionnaire on one occasion. All questions used in the questionnaire were author-derived. The questionnaire was built using a biopsychosocial model and contained five parts: sociodemographic data, professional factors, medical factors, physical factors and psychological factors. Physical factors were evaluated using a 5-point Likert scale and were summed, resulting in a range of 7-35, with higher values interpreted as inferior physical fitness. Psychological factors were evaluated in the last part of the questionnaire using the 5-point Likert scale and interpreted as 'post-transplantational adaptation'. Scores were converted to sten scores, where 1 was considered 'very low post-transplantational adaptation' and 10 as 'very high post-transplantational adaptation'. The detailed questions included in the questionnaire are presented in figure 1 .
The investigation was performed between February and September 2018 in the outpatient clinics of the Department of Immunology, Transplantology, and Internal Diseases and Department of Transplantology and General Surgery, Medical University of Warsaw, Collegium Medicum in Bydgoszcz, Nicolaus Copernicus University and the Department of Transplantology and General Surgery in Provincial Hospital in Poznan. Each patient received a cover letter explaining the purpose of the study and ensuring confidentiality. The names of responders were not recorded on the questionnaire, rendering the data anonymous. Informed consent was Figure 1 The detailed questions included in the questionnaire. Multivariate regression logistic analysis of the factors influencing employment status among patients after renal or kidney transplantation.
Open access indicated by voluntary participation in the survey. The questionnaire was completed under previous instruction by the investigators.
social benefits system in Poland
The average salary in 2018 in Poland was PLN 4585.03 (EUR 1073), while the average amount of disability pension in 2018 amounted to PLN 1654.88 (EUR 387). The Polish system of jurisprudence does not prohibit employment by persons receiving a disability pension without losing this benefit. 8 9 statistical analysis Data collected from the questionnaires were calculated using R package V.3.5.1. Logistic regression modelling was performed in StatSoft STATISTICA V.13.1. Continuous variables were described by median, first and third quartile, minimum, maximum and arithmetic mean with SD, whereas categorical variables were presented as count and percentage.
The non-parametric Mann-Whitney U test was used to compare continuous variables between two groups of observations, and the Kruskal-Wallis test was used for three or more groups. These tests were also used for the psychological part of the questionnaire (variable on an ordinal scale).
To detect significant relationships between categorical variables, Pearson's Χ 2 test or Fisher's exact test was used and the value of power test analysis was >0.8.
Multivariate analysis was performed using logistic regression. P value ≤0.05 was considered to be statistically significant. The regression model of factors determining employment after transplantation was built from all sociodemographic, professional, physical and psychological factors. The medical factors were considered separately.
To analyse psychological predictors of unemployment after transplantation, logistic regression was performed.
Initial analyses (LR significance and forest plots) excluded most variables. Further analyses contained logit probability and v-cross validation. The prediction of unemployment was conducted with use of Χ 2 test. Significance of the model and its goodness of fit were tested with Wald, Hosmer-Lemeshow and Nagelkerk tests. results Characteristics of the study population According to this survey study, in the whole investigated group (n=279), 120 patients worked full-time (43%), 42 part-time (15%) and 117 did not work (42%). Among all unemployed, health reasons (69%) are given as the main reason for not taking up employment, followed by the intention to continue education (11%) and fear of losing disability benefits (9%). Incorrect data were recorded in 11% of cases. The total employment rate post-transplantation was higher among men than women (60% vs 55%, p=0.04). More women than men performed white collar work (74% vs 41%, p=0.0003) and had to modify their working position (22% vs 7%, p=0.0118). No significant differences were found between women and men in regard to the other professional factors (figure 1). The relationships between categorical variables between employed and unemployed before and after transplantation are shown in table 1.
Predictors of employment after transplantation
Multivariate regression logistic analysis revealed that the main factors influencing current employment status among patients post-transplantation were the level of education, employment status the year prior to transplantation and psychological adaptation post-transplantation. The influence of other variables on employment status Villages and smaller towns (<20 000 inhabitants); medium and larger towns (>20 000 inhabitants).
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after transplantation was not demonstrated. Those results are presented in figure 2 . The same model was built separately in men and women and they revealed that employment 1 year prior to transplantation increased the chance for post-transplantation employment in both groups, the psychological adaptation and higher education increased this chance only in the group of men and age (each year) decreased this chance in woman. In addition, men had a greater chance of post-transplantation employment after kidney transplantation than liver transplantation. Those results are presented in figures 3 and 4.
In the group of patients working the year prior to transplantation, those who performed white collar work had greater chance of post-transplantation employment, and among men from the same group the highest chance for employment post-transplantation was found for those with higher education.
The detailed results of regression logistic analysis of above models are presented in table 2.
Predictors of unemployment after transplantation
In the selected (n=220) observations, logistic regression excluded employment before transplantation as a predictor of unemployment after transplantation. 
Other factors
Medical factors from the questionnaire were analysed separately in the group of patients with kidney or liver transplantation. Patients with end-stage kidney disease (ESKD) resulting from diabetes had 5-times lower chances of employment after kidney transplantation than patients with other reasons for ESKD (OR=0.183, p=0.0132). In the case of patients with liver transplantation, a regression logistic analysis model was not possible. dIsCussIOn Transplantation is a medical procedure that prolongs patients' life expectancy, and improves quality of life and work ability. Nevertheless, many patients do not work after solid organ transplantation, despite the lack of contraindications in many cases and obvious benefits associated with being employed.
The Polish system of jurisprudence allows patients with a disability certificate to work part-time or full-time. In the present study, 58% of patients worked full-time or Open access part-time, which is close to the employment rates from other studies conducted in groups of post-transplantation patients in other countries. 5 10 11 However, these results differ from the results obtained in a previous Polish study by Ostrowski et al, 12 in which the employment rate after kidney transplantation was much higher; 63.75% of patients worked part-time and 10% had a full-time job. The discrepancies between the results may be due to the smaller research sample in the study by Ostrowski et al (n=80) or different definition of 'employment', which was not clearly explained in that study.
In the present study, we observed many significant differences between males and females. First, the employment rate was higher among men than women. Male sex was a consistent univariate predictor of employment in a few other studies. In the study by Huda et al, females were 0.57-times less likely than males to be employed after liver transplantation. 13 Female sex was also negatively associated with post-transplantation employment status in the studies by Weng et al and De Baere et al. 14 15 Åberg's review focused on studies published after 2000 showed heterogeneity in the influence of sex on employment status. Among all analysed studies, sex had a significant impact on employment in only three of them. 1 This may be explained by discrepancies in definitions, in which working was considered to be synonymous with employment. In the present study, employment was considered to be income-producing work and was clearly indicated in the questionnaire. In the present study, sex differentiated the type of profession performed by post-transplant patients. Women were more likely to perform white collar work, and they more often had to modify their work position. This is in line with the general distribution of employment in Poland. Statistics show that the most feminised professional groups are office workers, specialists, education and healthcare workers. The highest percentage of employed men is in sectors such as construction, mining and industry. 16 The type of work performed by patients after transplantation was not extensively examined in the other studies. In the study by Nour et al, participation in jobs involving physically demanding work significantly decreased (p=0.02) from pretransplantation to post-transplantation, and participation in sedentary work increased post-transplantation, but this was not considered based on sex. 17 Considering the need to modify the workplace for the safety of the transplanted organ, white collar workers are relatively rarely exposed to hazards, such as infections. Individualised occupational counselling may be important for transplant recipients contemplating a return to work in areas such as healthcare, construction, outdoor work and other fields. For these professions a few guidelines exist, but the vast majority of jobs can be made safer by simple measures such as restricting patient contact for the initial phase of returning to work in a healthcare environment, wearing masks when there are potential exposures to fungal spores, respiratory viruses or other transmissible illnesses and sometimes reassignment to other duties, particularly during periods of intensified immunosuppression. Coworkers are often encouraged to receive influenza vaccinations to help protect the recipient as well. 18 For women, the chance to get a job after solid organ transplantation decreases with age. This result is consistent with other studies. In Åberg's study, >80% of liver recipients aged 20-29 years were able to resume work, whereas only 30% of recipients >50 years of age were able to resume work. 19 In the group of men, the important factor determining employment after transplantation was Open access the transplanted organ. Kidney patients being more likely to be employed after transplantation than non-kidney patients was also observed in other studies. 10 11 Some authors indicated that the possible cause of this is longer experience with kidney transplantation compared with liver, heart or lung transplantation, or more complications observed in non-kidney recipients after surgery, hindering them from work. 10 15 20 In the present study, the place of residence of recipients differentiated professional factors. Patients living in medium-sized and larger-sized towns more often worked before and after transplantation than patients living in smaller towns and villages. The place of residence has rarely been considered in other studies as a factor that can determine employment after transplantation. The results of our study indicate that, in larger towns, the offer and access to work is greater, which may influence the professional factors evaluated by our questionnaire. Data from studies performed in different regions in the USA have shown variation that seems to be attributable to local economic conditions. The highest employment rates in patients after liver transplantation were observed in states with growing economies. 21 In both the available literature and the present study, marital status differentiates professional activity and associated factors. In our study, more single patients remained unemployed post-transplantation and lived on the benefits due to disease compared with patients with a different marital status. In the study by Nour et al, patients who were not working after kidney transplantation were more likely to be living on their own than patients who returned to work post-transplant. 17 Living with others or being in a formal or informal relationship may facilitate environmental factors that support the behaviour of participation in paid work after transplantation.
Our research allowed us to identify determinants of post-transplantation employment. Higher education was the strongest employment predictor in this study. One of the reasons may be that average salary for work performed by people with higher education significantly exceeds the amount of the disability pension, while the average salary received by people with basic education is close to the amount of the benefit. 22 Level of education was considered an important factor determining employment in other studies. 13 17 In the study by Huda et al, patients with a college degree were 1.92-times more likely to be employed than patients who did not complete higher education. 13 This is a very important result because it shows that there are still some modifiable factors that should be considered in constructing vocational and educational rehabilitation programmes for patients, both pretransplantation and post-transplantation.
Pretransplant employment status is also a consistent predictor of employment after transplantation in our and other recent studies. 1 10 13 Patients who have been out of the workforce for long periods have difficulty returning to work. Financial and social support during the disability period is not motivating for returning to work. For more detailed analysis of factors that can determine employment after transplantation, an analogic regression model was built, but only in groups of patients who were working the year prior to transplantation. This analysis confirmed the role of higher education and type of work, for example, white collar work, which is mainly performed by people with higher education.
The education level and pretransplantation employment may be affected by long-term chronic organ failure. It is quite difficult for a patient to work full-time or attend school when in a dialysis programme, or when they have advanced liver disease with symptoms such as fatigue, hepatic encephalopathy, impaired mobility or ascites and oedema. Higher education and higher income are associated with higher life expectancy. 23 24 In connection with the above, it seems reasonable to implement rehabilitation programmes for patients with end-stage organ failure as early as possible and include strong educational and vocational considerations and advisory system in this field. Families of such patients often spare them from the effort to attain proper education, but according to the above data, such a situation will be directed against them in the future. Notably, vocational rehabilitation programmes for post-transplantation patients should contain elements that increase their qualifications and education level, and education aimed at employers and different forms of compensation that could redress patients' absence from work.
Unemployment after transplantation may be affected (50% of variance) by psychosocial factors, such as physical job before transplantation, low score on the post-transplantational adaptation scale and feeling that their present health status is unbearable. It may be difficult for physical workers to adapt to a new situation and physical limitations. Other research has confirmed perceived physical ability or subjective sense of impairment as a predictor of occupational decisions. 25 Therefore, psychologists should be included on vocational rehabilitation teams. This help should be applied in different ways: for screening and management of depression, and increasing self-efficacy or motivation to voluntarily return to work. 1 17 Analysis of medical factors, which was performed separately for patients after liver and kidney transplantation, showed that basic disease can influence the employment status after transplantation. Fewer patients with ESKD due to diabetes mellitus were employed after transplantation compared with patients with other basic diseases. However, end-stage renal failure resulting from diabetes is not the only possible complication. Diabetes is one of the first 10 causes of disability in people around the world. 26 Manninen et al 27 confirmed that patients with or without diabetes differ in their ability to work after kidney transplantation (74.4% vs 34.7%). The same analysis was not performed in patients who received a liver transplant due to a small investigated group.
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COnClusIOn
Contemporary transplant medicine allows patients to be employed after transplantation, which could serve as an indicator of treatment outcomes. The employment rate among patients after liver or kidney transplantation in Poland does not differ from the indicators observed in other countries. Poland does not have a national programme for occupational rehabilitation of patients after transplantation. The present study indicates that modifiable factors, such as higher education, employment before transplantation and better psychological adaptation, decide employment after transplantation. Higher education is the most important predictor, which was assessed directly and indirectly. Therefore, rehabilitation programmes including vocational activity should mainly be directed to increase the level of education, both pretransplantation and post-transplantation if possible. Other factors, including local conditions, should also be taken into account. Vocational and educational advisors should be included in multidisciplinary rehabilitation teams and help the patients choose the best pathway for educational and further vocational activity.
